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SUUKARY 



An investigation of the nixing region of a cool iso* 
thernal pulsating air Jet in a steady secondary airstrean at 
Koynolds number * 41,000, velocity ratio 0.5, primary velocity 
200 fps, was conducted by means of a velocity survey of the 
region, utilising a total head tube, static pressure orifice, 
and a sampling valve, which by rotation and synchronisation with 
the pulse producing valve, applied a constant hut different 
pressure differential to eaoh one of 36 manometer tubes in suc- 
cession, producing a standing wave of dynamic pressure of the 
pulse cycle. 

The pulsating flow nixing region was oonpared to the 
nixing region of a steady flow Jet of similar configuration and 
found to differ very slightly, if at all. The mixing region 
agreed closely with that defined by previous steady flow investl 
gat ions . 



The Investigation was conducted under the auspices of 
the Mechanical and Aeronautical Engineering Lepartnents of the 
University of Minnesota in partial fullfillment of the require- 
ments for the degree of Master of Science. 
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INTRODUCTION 

The St>t««ent of the IVoblen 

The nixing of fluid Jet with surrounding fluid has boon 
inTostigated analytically urith oxperinental confirnation by num-> 
orous investigators for various configurations of flow, but has 
always been lioited to the steady flow oases. Based on Prandtl's 
nixing length concept for turbulent flow (l) [^as nodifiod by 
Taylor (2)3* Tollalen (3) and Kuethe (4) have produced end con- 
firmed theoretical analyses* of the extent and nature of the tur- 
bulent nixing regions formed by free Jets. 

Two excellent sunnaries of isotherml and non isothermal 
air Jet investigations are reports by Cleaves and Boelter (5), 
and by Shapiro and Porstall (6)* the latter report offering use- 
ful enpirical relations for the shape of the siixing region. 

Unfortunately* the non-steauy flow case in which there 
exist pulsations of a random nature* and even that case in which 
the pulsations are regular* have not lent thensolves to analyti- 
cal treatment. It is felt that statistical methods will soon be 
brought to bear on the subject with productive results* but it 
is also desirable that supplementary data be introduced by ex- 
perimental investigations. 
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The design engineer of turbojet, ranjet or pulse jet 
engine coabustion chambers is confronted with a need for design 
data concerning the mixing of fuel vapor and air under highly 
turbulent conditions, often times under conditions of regular 
pulsing flow as in the case of the pulse- jet engine, or when 
resonant conditions exist in the combustion chambers of other 
types of jet engines. 

It has been found by Godsey and Young (7) that such 
oonditions exist in a gas turbine combustion chamber as evidenced 
by observed flickering of the flame front position at frequencies 
in 6000 ops, 250 to 600 epe, and 25-60 cps regions. And Scur- 
look (s) conoludos that rough burning is due to random fluctua- 
tions in the case flow, caused by fluctuations in the pressure 
drop which are in turn caused by random fluctuations of the frac- 
tion burned in any cross-section; and that resonance or flutter 
occurs when the period of vibration is the resonant frequency of 
soBie part of the syston. 

It is felt that a study of the basic nixing problem is 
a necessary prelude to further studies involving actual combus- 
tion* It is the purpose of this investigation, then, to show the 
extent of the mixing region of a low frequency pulsating air jet 
in a steady secondary air flow by means of a velocity survey of 
the region. 
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B>«ls of Solution of the Problen 

The approach to thia phase of the problen ia oxperi- 
contal in nature. The axial velocity field can be charted by 
naking a survey of the nixing region with a total head tube and 
atatic preasure tape. The difficultiea involved in neaauring 
non- ateady pressures can be overcone, if the pressure variation 
is periodic, by use of a saapling valve which presents an open 
passage to a particular laanoaoter at one point in the pressure 
cycle only and at the sane point each cycle. Assuning no leak- 
age from the tube during the rest of the cycle, the particular 
tube then is subjected to a steady pressure rather than a vary- 
ing one. Use of nany tubes, each recording a different point 
in the cycle then produces a standing wave of the pressure pulsa- 
tion. 



Static pressure readings can be taken at the edge of 
the flow for all points within the flow at a partioular cross- 
section. Prandtl (l) has shewn and Tollnien (S) has confirmed 
that the static pressure is constant across the Jet within very 
snail Units. 

Direct comparison of the nixing region of a pulsating 
jet and the nixing region of a steady jet of similar strength 
will provide a measure of the pulsation siixing region as well as 
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its relationship to the steady flow case, for this particular 
configuration. 
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THE APPARATUS 



General description of Conplote Apparatus 

A schematic diagram of the apparatus used is shown in 
Fig. 1. Photographs of the apparatus components are Fig. 3 to 
Fig. 10. 



The apparatus consisted of an air supply system capable 
of furnishing air to two flow lines which divided the air supply 
for primary and secondary air flow' and which contained standard 
A.S.H.E. square edge orifices with "radius" taps as described in 
fief. ( 9 ) for measurement of the mass rate of flow in each flow 
lino. The primary flow passed through 2" standard galvanized 
pipe to a rotating disc type butterfly valve, which served as the 
source of pulsations, from whence it was smoothly r - cach ed down to 
a one inch inside diameter brass tube and ejected into the test 
section as a free Jet. The butterfly valve was separated from 
the measuring orifice by a 2^ ft. by 7 ft. cylindrical surge tank 
to prevent the pressure pulsations from traveling upstream to the 
orifice and affecting its accuracy. 

The secondary flow passed through a six inch I.D. 
smooth black-iron pipe, which contained the measuring orifice, 
to a 22 inch by 35 inch steel drum which served as a plenum cham- 
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her and irhich surrounded tho primary flow exit lino concentrical- 
ly. The secondary flow was then exited from the drum into a square 
"bell" which had an entrance dimension of 11 x 11 inches and 
which tapered smoothly to the 6 3/l6 inch square test section to 
permit smooth entrance of the secondary flow into the test sec- 
tion, surrounding and concentric to the prieajry air Jet. Eight- 
een-mesh screen xas placed 14 inches upstream in the flow to as- 
sist in getting isotropic small scale turbulence at the test 
section entrance. 

The test section consisted of an 8 ft. long square 
duct constructed of angle iron reinforced, smooth ^ in. plywood. 

One side of the duct was constructed to slide so that the total 
head tube and static orifice located in the sliding panel could 
be placed at any desired station, longitudinally, in the test 
section. The downstream end of tho duct was open. 

The total head tube and etatio orifice pressure leads 
wore connected to a rotating sampling Talve which was synoronized 
with the rotating butterfly valTe so that a standing wave of 
total pressure adnus static pressure could be produced on a bank 



of U-tube taanoneters 
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Tha Pressure Sanpling Valve 



It was desired to know the variation of velocity, and 
thus pressure, with time in the adxing region. Available for 
this purpose was a rotating pressure sampling valve, constructed 
by £. E. Becker for his lister's Thesis (lO). A soheoatio dia- 
gram of the sampling valve is shown in Pig* 2 and photographs of 
the valve and its associated drive sieohaniam and manometer board 
in Fig. 2-b to Fig. 2-h. 

As described in Eef. 10 and Kef. 11, the valve consists 
of a truncated cone shaped rotor (A) which rotates within an outer 
casing (B). Two circumferential grooves, (C) and (D), have been 
naohined in the conical section. Drilled in the outer casing, 
so that they match up with the two grooves in the conical sec- 
tion, are two pressure taps, (E) and (F). The pressure leads 
from the total head tube and the static pressure orifice at the 
test section were attached to these taps. An L shaped passage (O) 
has been made in each of the outer lands of the conical section 
resulting in a single hole in the face of the land. Drilled in 
the outer casing are 72 holes, 36 equally spaced in each of the 
two rings. These ar» situated to line up with the holes in the 
lands of the inner rotor. The outer casing is restricted from 
rotating by the pin (H) which passes through a slot in the sup- 
porting base (l). The rotor is driven by a pully and the outer 
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casing is held up on the taper by a spring arrangencnt . The outer 
casing is six inches in diaceter at its largest and is tapered to 
a 30° included angle. It is supported by a pair of bearings and 
pilloir blocks which provide for easy disassenbly of the valve. 

The principle of operation of the valve is as follows. 
The pressure changes are transnittod through the connections in- 
to the two circunferential grooves naohinod in the surface of 
the rotor and up through the L shaped passages drilled in the two 
outer lands. As the oonical rotor rotates, the pair of holes in 
the lands pass each of the 36 pairs of holes in the outer casing 
in succession. Different pressures exist in the L shaped pass- 
ages as each pair is passed, but if the rotor is in synchronisa- 
tion with the pulsation frequency, and the pulsation is regular, 
the same pressures will exist in the L shaped passages each time 
the holes in the rotor lands pass a particular pair of holes in 
the outer casing. Thus, if connoctions aro cade to a different 
U-tube manometer from each pair of holes in the outer casing 
which occupy the samo circumferential position, the pressure dif- 
ference as it occurs at the particular point in the cycle of 
pulsation will be registered. With each of the 36 pairs of 
holes connected to U-tube manometers arranged in a bank, a stand- 
ing wave showing the at each 10° increment of the pulse cyole 
will appear on the manometer bank. This assumes ttiat (l) the 
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loTel of the fluid in canocetcrs have a coemon reference level, 
(2) that no leakage occurs from a tube, botween successive appli- 
cations of the Ap to that tube, and (S) t}»t no additional posi- 
tive or negative pressure is produced by the dynamic effects of 
the valve rotation itself. As will be described later, item (2) 
is a source of error which can be reduced by rotating the valve 
at speeds greater than 200 rpm and item (3) is a source of marked 
error which only calibration can lessen in the valve's present 
configuration. 

The valve was driven by a i hp, 110 volt, 1750 rpo, 

AC electric motor through a system of two 6 inch variable speed 
pulleys. An 3 inch pulley on the shaft of tno inner rotor of 
the valve combined with these two variable speed pulleys afforded 
a speed range of 120 to 370 rpm. 
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The Pulsator 

The source of pulsations in the prinary flow was pro* 
Tided by a 2 inch diaoeter disc type butterfly valve which rota- 
ted in the prioary flow pipe. The valve oonpletely closed the 
passage when closed, thus the air flow varied from zero to max- 
inuB. The butterfly valve was connected to the inner rotor shaft 
of the sampler by a flexible shaft and a 2il gear ratio. The re- 
duction gear synchronized the sampler valve and butterfly valve 
since one revolution of the butterfly valve constituted two com- 
plete pressure variation cycles. 

The frequonoy of pulsation was adjusted by the variable 
speed pulley system and was oontrollad during runs by use of a 
stroboscope to accurately attain and maintain the desired pulse 
frequency. 
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Th« Airflow System 



Tho »ir iupply used for the teats tfss obtsined from a 
poraanont installation located in the turbine tost cell of the 
Meohanical Engineering; 'Doparti^ent . A gasoline powered Lyconing 
Model 0-435-T air cooled Artry tank engine, rated at 162 hp at 
2800 rpn, drives a centrifugal conpresaor. Tho coapressor is a 
7.48il gear ratio supercharger taken from an Allison V-1710 air- 
craft engine. The speod of the blower can be accurately con- 
trolled ly throttling tho engine. 

A standard A.S.M.E. square edged orifice is mounted 
upatrean of the blower inlet to persiit evaluation of the mass 
rate of flow through the blower and to permit accurate mainten- 
ance of a desired flow rate. 
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Instrunentatl on 

Tho total pressure was Boasured by a 0.028 Inch O.D. 
total head tube of the Kiel type, which has a vonturi shield 
surrounding tho tube tip to insure flow normal to tho 0.017 inch 
I.D. tube opening. The pitot tube shaft was ^ inches O.D. brass 
which was mounted in a ^ inch thick plexiglass plate through a 
leakproof packing gland so that the probe oould bo moved later- 
ally across the test section width. The plexiglass plate also 
contained a l/s inch diameter static orifice. The plate was 
mounted in the sliding wooden panel of the tost section so that 
it could move up and down independent of and/or longitudinally^ 
with tho panel; thus, tho probe could be positioned at any point 
in the whole test section duct as desired. 

The pressure difference, Ap, between total pressure and 
static pressure was indicated on tho U-tubo nanoiaoter bank pre- 
viously described. 

Tho pressure drops across the square edged measuring 
orifices wore measured with well type water-filled nanometers. 

The pressure taps from the orifices were located in accordance 
with A.S.M.D. standards for "radius tape". Ref. (9), the up- 
stream tap being located 1 diameter from tho upstream face of 
the orifice and the downstream tap « diameter from tho downstream 






i>itt«i«B o «i.kA «««t;i I'i «-•• *o »^i4C* 

4/k4|f '*• -W •• 6# A»^ .♦ 9<f 8*V ■ ' ‘ «hil ^JA>mtwr%%^» 

%^zu . •.! 4 *«S* n**.* #>i'^ V«4*? -3^i 

• .'»«ljAh«A'> iric^ 4 >>lisui!V mV 

«• 'H'vr -Moa^ «AI ■>-<•' >4uU X «i>Mi l^'T't^lAil 

»#J» W«*f . *• ' >4^i • tii4 

M *»I4 t' -'c U**4. 't »>fMiji|g' OMU. A 

Ip^J 3r£^*»t /ft' I •• V wi wpJfir^/9 

(U*‘ k> (A- 4A.,r.,...ai •««i t» hi;, or fi 

“ji^v ,• '.^on^f ••srv • mxyyi^ v»t ,*ii.i» 

M •»♦ 'mf^Qve ;Mf ^o^*lr «* 

%t.$ ,y^ ,r«w«<iwt^ !«• rv:i^ri0 «*W 

*»T' *»A»r/«i.f -J ».* rrc. • atMT r%>4«*«r‘Pt »!#•#* 

.Wd> «»4«£ yJj»M9t^ 

mC 

II ••r»?(ii •a^I’tl'*'' ''I** •■”!? tv ki 

o • ,<«k# .V- . *i*» «^<tl4uit* -UX^ ft till* 

«i. • • • •■t^ ft ‘tk* •••1ft* 

•••^ ■■»-->•.•• •• •• -n ^»* »v«i % (jtrr? '•kt 



fac« of tho orifice. The itatic pressure holes vere 4 inch di«> 
neter and free of burrs and restrictions with slichtly rounded 
edg;es . 



The static pressure level at tho upstream tap was nea- 
sured on the sane manooeter used to measure the pressure drop by 
clamping the lead from the downstream tap and removing its other 
end from the manometer, causing tho nanometer to indicate gage 
pressure Just upstream of the orifice. 

The temperatures at the orifices were measured by iron- 
constantan thermocouples inserted In the flow upstean of the 
orifices in accordance with A.S.Ii.E. Standards. Temperature 
readings wore nade on a Brown direct indicating potentiosioter . 

The orifioes were nade to i.S.U.S. Standards and were 
machined to an inside diameter of 1.008 inches and 4.002 inches 
for the 2 inch primary lino and tho 6 inch secondary lines re- 
spectively. 

A check on the aocuraoy of the orifices was ends possi- 
ble by the insei*tlon of a neesuring orifice at the blower inlet, 
which permitted a measurement of the total mass flow to oompare 
with the sum of the flows through the primary and sacondary lines 
as indicated by the other two measuring orifices. 
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Mi»cell»neou8 Apparatus 

Flow Pipes . The A*S.M*B* code on fluid neasurement 
does not recognize the use of any pipe snallor than 2 inch l.D. 
Consequently, 2 inch Standard galvanized iron pipe was used for 
the primary flow line and 6 inch l.D. smooth rolled black iron 
tubing for the secondary flow. 

Surge Tanks . In order to prevent pulsations from the 
primary flow from affecting the measuring orifice in that lino, 
the orifice was placed in series between two 7 ft. by 2^ ft. 
cylindrical tanks which served to damp out pulsations originated 
fron either side of the valve. 

Since the pressure variations in the secondary flow 
line, caused by the pulsations in the primary flow line, were 
much smaller compared to total flow, and since the secondary flow 
orifice had a diameter ratio of 6G 2/5 per cent it was felt that 
less capacity was needed to insure steady flow at the secondary 
flow orifice. Therefore the only surge tank used was a 22 inch x 
35 inch steel drum placed between the possible source of pulsa- 
tions (the test section) and the orifice. This drum served the 
additional purpose of a stilling chamber to aid in establishing 
a smooth isotropic entrance flow into tho test section. 
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Throttling Oriflc* . In order to build up the pressure 
level of the air supply to the prinary line so that a greater 
range of air flow control night bo obtained, an orifice with an 
area ratio of 66 2/3 per cent was placed in the six inch lino 
just downstrean of the take-off of the 2 inch line. Then just 
ahead of the 2 inch line entrance to the first surge tank a gate 
valve was inserted in the line to permit variations in the pri- 
mary air flow velocity. No provision was nade to control the 
secondary air flow except by variation of total flow through 
changes in blower speed. 

The Pulsator . The source of pulsations in the pri- 
mary flow was provided by a 2 inch diameter disc type butterfly 
valve which rotated in the primary flow pipe. The valve com- 
pletely closed the passage when closed, thus the air flow varied 
fro® zero to Baximum. The butterfly valve was connected to the 
sampler rotor shaft through a lt2 gear ratio. The reduction gear 
synchronized the sampler valve and butterfly valve since one 
revolution of the butterfly valve constituted two complete pres- 
sure variation cycles. 

The frequency of pulsation was adjusted by the variable 
speed pulley systen and was controlled during runs by use of a 
stroboscope to accurately attain and maintain the desired pulse 
frequency. 
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TEST PRXEWJRS 



Test of Servic— billty and Accuracy of Apparatus 

After the equipnont iras assembled* all joints and pres- 
sure leads were oheokod for leaks. The sanplini; valTO was dis- 
assenbled* inspected, lubricated with a mixture of SAE 10 motor 
oil and "Molykoto", a Rolybdonun sulfide dry lubricant, and re- 
assembled. A spring pressure of a fixed amount (that pressure 

which gave a spring constant of ■ 200 ~ ^ ®P” 

.020in. in* 

plied and maintained for all tests. 

Next the manometer bank connections were chocked for 
leakage by applying a Ap across one air passage of the sampler 
valxe and then rotating the valve ten degrees to close off that 
passage. Since the valve leaks only while rotating this gave a 
chook on the prosauro loads from the valve to the manometers and 
a check on the proper assembly of the valve. 

The valve was then operated through its speed range 
to chock for overheating or other malfunction. 

Next, with the engine running the gate valve was ad- 
justed to give the desired ratio of primary velocity to secondary 
valooity of about two to one, the pricary end cccondcry flows 
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b«lD|- about 200 fpe and 100 fpa, respectively* The systec was 
checked again for leakage. The effectiveness of the surge tanks 
was then checked by varying pulsator rp*a and noting the effect 
on the manoBoters connected to tho steady flow sections. In t).o 
range of 200 to 300 rpn no evidence of pulsations reaching the 
steady flow section was noted. 

Tho accuracy of the neasuring orifices was checked by 
computing the flows in tho primary and secondary lines and com- 
paring their suns with that flow neasurod by the orifice at the 
blower intake. Good agreenent was found. 

Tho effect of the length of the tubing connecting the 
total head tube and tho static orifice to the valve was chocked 
by coraparing the readings on the trtanometer board using two sets 
of pressure loads* one set with the connection as short as pos- 
sible, tho other with SO" leads. Mo difference was found for 
these two lengths, consequently the 50” length was used for all 
readings. This was expected, since the natural resonant freq- 
uency for a 60" tube with one end open is on the order of 4000 
oyoles per minute and Is higher for shorter lengths. The tubing 
used was 3/l6 ID, thus not so small as to Introduce capillary or 
extreme friction and attenuatibn effects. 

Me drifting or pulsating of the water columns in the 



manoneter bank was observed during any of tho check runs 
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Tests of th» Floy klxln/^ Keglon 



Before starting the test runs, the engine and valve 
were run until fully warmed up and running conditions were stab- 
ilizod. 



To expedite taking readings, a large sheet of paper iwis 
placed behind the tubes of the imnometer bank and the water col- 
unn heights marked with pencil* The equilibrium positions of 
the water columns was narked on each new sheet before the run. 

To obtain and caintain the desired pulse frequency of 
250 rpn, a stroboscopic tachoaotor was used. A revolution 
counter and stopwatch was used for initial setting of the strobo- 
tach control since its control dial was not calibrated to the 
desired degree of accuracy. 

Control of the airflow was saintalned by throttling 
the driving engine, using the pressure drop across the primary 
flow measuring orifice as a reference. This value could be nain- 
tained constant to within 0.2 in. of water with little difficulty. 

The initial run was a calibration run, cade with the 
sampler valve rotating at 250 rpn. For a series of known steady 
flow values of dynasiic pressure, "q", (total pressure minus static 
pressure) ranging from 5 inches to 16 inches of water, water 
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levolB for all tubes in the Eanomotor bank wore narked for each 
"q" value. Other calibrations were eiade later in the tests for 
the purpose of mintainins an accurate calibration of the valve. 

The pulsating rvtns were then aade by connecting the 
butterfly valve to the sampler valve and narking the water levels 
of the nanoneter bank tubes for each probe position. The trav- 
erse consisted of readings taken each 0.1 inch starting beymd 
the nozzle centerline and continued through the nozzle centerline 
position to a distanoe of 2.5 inches fron the centerline. This 
was accomplished for a series of stations coionencing at the 
nozzle exit and continued to a distance of 39 nozzle diameters 
downstream. 



For comparison with the pulsating flow tests, similar 
traverses were made with the butterfly valve disconnected from 
the sampler valve and in the full open position. Here, two 
traverses were made. One was made at a primary nsass flow iden- 
tical with the primary mass flow existing during the pulsating 
runs, so t}iat the average velocity fron the nozzle should be the 
sane in both conditions. The other traverse was nade at on ar- 
bitrary value of flow auch that the q at the nozzle centerline 
at the exit was the same as the q at the peak of the cycle of 
the pulsating runs. 
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DISSCUSSIOH (F RSSDLTS 



The Operating Limits of the Saaplinc Valve 

Vong (11) describes in socte detail the linitations, 
capabilities, and idiosyneraoies of the sampler Talve. In brief 
the na;}or source of orror is leakage across the valve which 
varies with the pressure differential applied across the valve, 
the direction in which the Ap is applied, the speed of rotation 
of the valve, and the spring pressure which holds the outer eas- 
ing against the rotor. 

The speed of rotation of the valve affects the leakage 
in several ways. First, it deternines the tenperature of the 
valve which varies the viscosity and sealing power of the lubri- 
cation file. This establishes an upper Unit of about 300 rpn 
beyond which the valve overheats rapidly. Low valve speed per- 
Bits excessive leakage by prolonging the tice interval during 
which leakage from the valve can occur between the successive in 
atants when a particular manometer tube is subjected to its 
particular Ap at its point In the cycle. This places a lower 
limit of about 200 rpm upon the valve. Most critical are the 
dynanlc effects of rotation. The valve rotor is not supported 
independently of the ou^er casing but rather is supported in a 
manner aimllar to a Journal bearing; and as in the case of such 
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a bearing, rotation builds up an air filni between the rotor and 
caains *nd a oircuaferential pressure gradient is eatablished 
id;ich is a function of the speed of rotation. 

The TalTe is thus seen to be very inflexible in its 
present configuration. However, by roinaining within the lioits 
dictated and by removing the naximun number of variables it is 
possible, by calibration, to remove most of the error. Conse- 
quently, for this test a constant spring pressure was applied, 
a constant rpa sms used, the pressure leads were attached with 
the lower pressure always connected to the narrow end of the 
rotor, and the valve was calibrated for those particular test 
conditions by applying a series of known steady Ap values to 
the rotating valve and marking the readings of tho taanometer 
tubas. From these readings a set of calibration curves over the 
range of 3" to 16" of water were plotted and found to bo almost 
linear, as indicated by Wong. Fig. IG is a calibration curve in- 
cluded as an example. The other calibration curves are not in- 
cluded since they apply only to this very particular combination 
of teat oonditiona. 

It was found desirable to run all tho actual flow tests 
during the same test period since the calibration of the valve 
changed from day to day as the amount and condition of lubricant 
and other factors changed. Check runs made on other days rc- 
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qulrcd that nev calibrations be made. 

The need for oxtretae care in controlling the operation 
of the sasiplor valve, i.e., the necessity for babying it, the 
necessity for continuous rccalibration, and its inflexibility, 
grently reduce the scope of any testing done with it. The lati- 
tude of possible test oonditions is narrowed by these linita- 
tiona and the tiao consuced in obtaining, reducing and rechock- 
ing data is enornous. nevertheless, it seecs to be capable of 
producing reproducible results within its linitations* 
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The Mixing R«cion FIctt Data 

For tho purpose of dofinition, the nozzle exit is taken 

as the origin of coordinates used in plotting the data. The dis- 

tanoe along tho nozzle centerline is denoted by 2L positire down- 

D 

atrean» in noxxle diaiaeters. The lateral distance froa the noz- 
zle oenterline is 2L Thus y a 0.5 is tho boundary of tl>e nozzle 

and X a 0 is the station at tho nozzle exit. 

D 

The value of 250 rpn used in these tests was arbitrary, 
prescribed by the limitations of the sampler valve, it not being 
practicable in tho preliminary investigation to consider tho 
effects of pulse frequency as a paraaeter. 

The form of the pulsation wave was not controlled. The 
butterfly valve produces a flow varying froa zero to naxliaun, of 
a form somewhat similar to harmonic wave shape. 

The data is plotted in terms of dynamic pressure, 

2 

q s Po"Ps “ • Since the quantity q is proportional to the 

£o 

square of the velocity, it shons pressure variotions more dis- 
tinctly than a velocity plot. Fig. 17 in the appendix is a con- 
version plot of q to velocity, at the test conditions. For a 
ratio of q values, as in Figs. 14 and 15, no conversion is needed 
since a velocity ratio equals the square root of its correspond- 
ing q ratio. Key velocities and velocity ratios are indicated 
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on nost plots . 

Fig. 3 to Fig. 12 are plots of the dytianic pressure 
versus manoneter tube, which is, in effect, a standing wave of 
the dynamic pressure cycle produced by one cycle of the butter- 
fly valve. The butterfly valve full-open position corresponded 
to that position of the sampler valve which indicated on tube 
number 27. However, the peak of the q cycle is seen to occur 
some 110** later in the cycle, at about tube 2. At 250 rpm, this 
corresponds to about 73 milliseconds delay between the production 
and recording of a particular value. The delay is a constant 
value since the standing wave shewed no phase shifting but held 
its position very steadily. The complete cause of the delay 
value was not ascertained since it amounts to an average velo- 

city between butterfly valve and sampler valve of ■ ^ - 

.073 sec. 

86 ft/sec. This is much loss than the velocity at which the 
changed ratio of p^/p* due to throttling night be expected to 
travel and very much loss than the local velocity of sound, at 
which approximate speed small pressure variations would travel. 

A possible explanation is that the major portion of the phase 
difference was duo to the nature of the production of the pulsa- 
tions. It is possible that the peak velocity through the butter- 
fly did not occur exactly at the full open position. If most of 
the reduction in mass flow occurred when the butterfly was within. 
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o 

•oy> 30 of the closed position, then the Btininun velocity would 
occur when the nase flow was at a low level and the flow area was 
increasing, as at the 45® to 55° position beyond tho closed posi- 
tion. Sinilarly tho peak velocity would oocur when the coass flow 
was at a high level and the flow area being reduced, as at about 
tho opposite part of tho cycle. This would place tho peak velo- 
city at about 60° past the full opon ^position of tho butterfly, 
or about 100° past tube 27, i.e., at tube 1 of the sampler. 

Tho important fact relating to this investigation was 
that the sampler measured a standing wave which did not drift 
or pulsate. 

The wave form in tho pulsating Jet is seen to bo fairly 
regular. The scatter of data points is less than was expected, 
and curves wore plotted through the points whore evidonoe of 
cyclic variations occurod so that resonant vibrations, if any, 
or other cyclic irregularities night be discerned. However, no 
oonsiatent evidence was found that sympathetic vibrations were 
introduced into the system as had been tho case in the work of 
Booker and Kong. 

At the trough of each wave tiiere was evidence of rapid 
preesuro irregularities whloh it is believed were associated with 
the flow through the valve whon the valvo was very near the actuA 
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olosod poeition. 

Pressure pulses stero transeitted to the secondary flow 
region, even at station i * 0, causing a q variation which aver- 
aged 0.5 in. of water. This was transnitted to the secondary 
flow outside the jot nixing region as a variation in static pres- 
sure. To confirn this, cyclic measuronents of - p^tn 
Ps " Patm ^®^'e made at i = 0. The value of pg - p*tn found 
to vary from -0.23 in. H 2 O to -0.68 in. H 2 O, a total variation of 
0.45 in. H 2 P. 



The Kiel tube would not havo been a suitable instruiaont 
for total head neasurenonts had the flow configuration been such 
that flow reversals occurred. The check mentioned in the previ- 
ous paragroph showed tiiat total pressure varied smoothly fron a 
value of about 15 in. H 2 O to a minimum of about 9 in. at the 
trough of the cycle, at the nozzle centerline at i - 0. Tho nin- 
ifflun was about 5.7’y in. II 2 O at tho edge of tho jot and about 3 in. 
U 2 O in tho secondary flow. At no tine did it approach zero. 

Thus tho possibility of flow reversal was discounted. 



Curves for successive stations show that a slight 

D 

phase shift seems to be occurring as the flow moves downstream. 
Tho peak of waves for station * - 12 and beyond occurs closer to 



tube 3 than tube 2 
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Fig. 13 and Pig. 14 are oroaa-plota from points from 
tubes Z, 13« and 17 in the earlior curvee and from the steady 
flow data. They are profiles of dynawiic pressure showing the 
▼ariatiem of q with ^ and with ^ . The abore montioned tubes 
wore chosen so as to have profiles of the peak, the ciniBun, 
and an intermediate portion of the cycle. That Interinedinte 
Tslue was chosen which had a equal to that of the steady 
flow traverse which had been made with a pripjary mass flow equal 
to the prirary mass flow of the pulsating flow. This permitted 
a direct coaparison of a pulsating flow and a steady flow which 
had the saao pass flow and same average velocities. 

It is noted that due to the inability to control the 
secondary air flow and the fact that less blower speed was neo' 
essary in the steady flow case to produce identical aass flows 
for pulsating and for steady flows, the secondery flow was loss 
for the steody flow case, however, the change was small, the 
ratio of secondary velocity to primary velocity being 0.45 in 
the steady flow case and 0.53 for pulsating flow, the ratio of 
0.5 having been initially selected as the approximate value de- 
sired for this investigation. 

Fig. 14 end Fig. IS make it aecm that the velocity pro- 
file of the jet at the nozzle exit was not very flat. However, 
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reneBboring that this a plot of q rather than velocity, ona sees 
that the corresponding velocity profile would be such flatter* 
The edge velocity, if conputed, is seen to be 75^ of tho eaxinun 
velocity, which is flatter than the so called laminar flow pro- 
file. Laminar fleer was not desired in this test, and with the 
disturbance created by the butterfly and the existing Reynolds 
number of 41,000 the primary flow is distinctly turbulent. 



The profiles show two things clearly, that a narked 



sinilarity exists between tho pulsating and steady cases, tho 



pulsating flow having a slightly flatter initial profile, and 



that the profile in each case shows signs of approaching the 

flat condition at about — • 21, At this station, the ratio of 

D 

the Baximun velocity to secondary velocity is: . 

Uo/«8 



Pulsating, taaxiKUB 1.20 

Pulsating, ninicun 1.15 

Pulsating, intoroediato . 1.12 

Steady, intennodiate 1.19 



By station ~ * 27.5, the ratios had become: 
D 



Pulsating, naximun 1.10 

Pulsating, mlniciun 1.10 

Pulsating, internedlato ...... 1.06 

Steady, intermediate 1.10 



By station ^ ■ 59, in each case, the velocity profile 



wee not apperent to tho measuring equipsMnt. This is not in ao- 
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cordance with the work of Shapiro and Forstall (6) wiio found that 
for steady flow a "slope coefficient", a measure of the normal- 
ized in’ofile slope was constant as far dowuBtroam as 140 dia- 
meters* However, since velocity along the axis beyond the core 
of potential flow decreases with increasing more reliable and 
sensitive measuring equipment than the sampler valve will be 
necessary to carry the investigation further downstream than was 
done in this tost. 

hespito the fact that this investigation was funda- 
mentally concerned with the direct comparison of a steady jet 
and a pulsating jot having identioal configurations except for 
steadiness and non-steadiness, it was desired, for purposes of 
evaluating the typo of steady flow actually attained and eval- 
uating the accuracy of measuremsnt, to compare the nixing region 
characteristics with those defined by previous investigations* 

One of the most useful presentations of experimental data and 
empirical relations for jst flows of the nature present in this 
investigation is that by Forstall and Shapiro (6). Among their 
findings are that: 

(l) All normalized velocity (and concentration) pro- 
files downstream of the core of potential flow have strikingly 
similar shapes which are substantially independent of ^ . Fur- 
thermore, these ahapss nay be represented rather well by several 
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nathenatical expreselons, a cosina curve being the cost sinllar. 

(2) Beyond the end of the potential core, the value 
of velocity (and concentration) varies inversely with x, irre- 
spective of the velocity ratio, A . 

(3) SoBo empirical relations based on their experi- 
Bental data aroi 

(a) The 3C value for the end of the potential core 

D 

L » 4 f 12 A 

(b) Velocity decay downstrean of the potential 

core, (x 
D 

u-Ug _ L 

“o*“s £ 

P 

A coBporison of the experieental data of this expori- 
taent with the above onpirical relations is made in Fig* 14-c and 
Fig. 14-d. Very close agreenent was obtained with the onpirical 
rate of velocity decay, indicated by the 1«1 slope of the logar- 
athmic plots. The exact actual position of the end of the po- 
tential core is of course indotenainable experimentally because 
a transition region exists rather than a sharp boundary, as in- 
dicated by the lack of a sharp break in the experimental plot. 
However, the approximate position can be found by continuing 
the straight line velocity plots to their intersections. This 
produces an "L” position about l.b diameters less than the em- 
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plrlcal value for the steady jet and about 2.5 diameters less 
for t}ie pulsating jet. This is considered good agreetaent. 

The velocity paraaotor ^ was chosen to reduce all 

Uo-Ua 

plots to the same scale, and to eliminate the effect of dissimi- 
lar secondary flows. This indicates the degree to which the Jet 
retains its original escess of velocity over the secondary flow, 

a value of HilHa.. = 0 thus indicating complete velocity nixing. 
Uo-Ua 

A similar parameter was used for the q plots described later. 

To compare shapes, the profiles were made dimension- 
less and normalized by plotting u-ug versus £. . When fully 

Uo“Us i*n 

nermalized in this manner, the profiles (Fig. 14-b) at ^ ■ 12 
and ^ * 21 (downstraam of the potential core) are seen to be 
almost identical at both statiems for the intermediate value 
steady and pulsad flows, except for a spreading near the base 
of the profile. Forstall and Shapiro, in their more carefully 
controlled exparinent, encountered the spread to a lesser de- 
gree, it being caused by the poor experimental accuracy possi- 
ble in determining (u-Ug) near the edge of the Jet. 

Other profiles could not be cheeVad because those at 

* loss than 12 were within the potential core and those at 5. 

D D 

greater than 21 offered too few distinct points for a valid de- 
termination of r^j. However, these two profiles are considered 
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the Most significant since the unnorcalized velocity profiles 
differ earkodly between the two stations, the profile at ^ 
being that one at which definite flattening of the profile, is 
first observed. 

For direct coaparison, a cosine curve is also shown 
and gives good egrocaont in the region whore oxperinontal ac- 
curacy was good. 

The previous coaparisons then would indicate that the 
experimental accuracy of this investigation was bettor in the 
regions v/here larger pressure differentials being measured than 
near the edges of the jet wliere tho pressure differentials wore 
snaller. However, the good agreement of tho data with that of 
previous investigators indicates that the accuracy of moasuro- 
Bients was reasonably good. 

To actually picture the jot mixing region. Fig. 15-fc 

through Fig. 15-o were plotted. Those plots delineate lines of 

constant q, utilizing tho parameter , 

<Jo"^ 

The following table, from values in Fig. IS, comperes 
the points at which the centerline flow might be considered 
nixed to various degrees: 



<4 






- 






0 

A* JkLT^M 



•-• I. •.-. 4^*o' 



• *n». -• • - •, • •• •» »l ti**m»«TVt %t}«s r«rl« 4 lw 



-*• m»i ' . ^ni - r» • •^Vi'.A r**^**| 

<fc» • -*•■ 1 * 

AM* £i3A^ V* *'■ **••’ ^«SAJl 

« »w I ' * t ^i ni *A>y %0f* * • *mi, «*ti *« a^v*<* ’smm 

'W^S^* t» • *«A AHA > a a»^ .'•‘■LliMS 



-_i “4 ^ JL, —M* -..wOflH.I . A* » 



•*- * 






# 1 * 



til • ^ ^ »44U^ •oY^ * ■■ruli N> 

jur i^^Ij * 1 1 « «it !• -i-A# A# 



• 4 ^ > i • . 



•tj a»AJ* 



- 54 - 



^Values for lUxing 8S^, 68% aad 55^ Conploted: 
D 




0,15 0«32 0.45 



x/d x/d x/d 



Pulsating, loaxicaitn 
Pulsating, oinienna 
Pulsating, interaodiate 
Steady, intcrcediote 



teady, naximuD 



55.0 

37.0 

36.0 

35.0 

34.0 



24.5 

27.0 

24.0 

21.0 

23.0 



19.0 
18.5 
18.4 

17.1 

16.0 



Fron the above, the conclusion night be drawn that the 



steady flow nixes slightly more rapidly than the pulsating flow. 
However, tho facts that the accuracy of the absolute levels of 
pressure oeasuroaent by the sacpler value is not known, and 
that the measurenents of tho steady flow values are approxieiato 
to the extent that flow turbulence caused a nianometor water level 
fluctuation of up to 0.5 inch of water would load to a nore rea- 
sonable oonclusion that the velocity nixing in the steady flow 
case and tho pulsating case differ in no appreciable degree, 
consistent with the control exercised in this investigation. 
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CORCLL'SIOKS AKD. HECOMlENDATIOliS 



With respect to the aacipling Yalve, the oonolusions to 
be draim arei 

1* It can be utilised in invest i Rations of this nature 
in its present oonfiguration, but at the cost of considerable 
tisn expended in calibration end recheeking of data* 

2. The valve is extremely inflexible. Its ran;;e of 
operation oould bo extended and its accuracy increased by elia‘- 
inating the bearing action of the rotor and by protiding a means 
of cooling the rotor and casing. 

3. When properly calibrated and used vithin its 
lialtatims it can provide reproducible data* However « the ac- 
curacy of the absolute level of pressure measurements is not 
definitely known, and the effects of pulsation form and freq- 
uency, and of the pressure differential applied across tho vave, 
upon the accuracy of measurement could woll be a subject of fur- 
ther investigation. 

With respect to the test equipment, it is recommended 
that a more flexible, sinpler design patterned after that of 
Forstall and Shapiro (c) in which the secondary flow is drawn 
ttirough the test oeotion rather than blown through would be 
adaptable to tho turbine tost cell layout of the tt’ochanicol Kn- 
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gineering Dopartiaent, and would prowl do for snoother flow en- 
trance into the tost section and permit more accurate determina- 
tion of the velocity profile in the critical regions where mix- 
ing is almost complete. 

The sanpler valve must be redesigned, if possible, or 
a substitute method of measuring varying pressures bo applied 
before tests beyond the scope of this preliminary investigation 
can be prosecuted to any degree of success. 

In this investigation of the mixing of a pulsating air 
Jet in a steady secondary airstrean it was found that: 

1. There was no appreciable difference between the 
velocity mix'ng region of a cool, isothermal pulsating jot and 
mixing region of a steady flow jet of siailar configuration, at 
a lieynolds number of 41,000 and ^ = 0,5, when pulsations were 
foroad by regular interruption of the flow at 250 cpm. 

2. There was good agreement with the findings of other 
investigations previously made for the steady flow case that: 

(a) The fully normalised velocity profiles down- 
stream of the potential core are of the same shmpe, irrespective 
of the value of ~ and closely resemble a cosine curve. 



(b) The centorline volooity, downstream of the 
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potential core. 



decays in direct proportion to tha Taluo of 



X 

D 



(o) The location of the end of the potential 
core at the centerline is closely defined by the cnpirical re- 
lation 

L ■ 4 4 12 X 



5. The close agreement of the data of this investiga- 
tion in the region w)iere pressure differences were large indicate 
a reasonably good level of accuracy. Tho inability to accurately 
define the outer edges of the Jet, where the pressure diffcronces 
are smaller indicate tho need for more closely controlled pulsed 
flow investigations utilizing measuring equipment more sensitive 
than the mechanical sampling valve used in the experiment. 

4. Based on the ratio of tho Jot velocity in excess 

of the secondary flow to the original Jet velocity in excess of 

the secondary flow, the centerline flow was considered 

Uo“«s 

8SX mixed at an average ^ ■ 36 for both tho steady and pulsating 
cases, was 68^ mixed at an average ~ = 24, and was 45,t mixed at 

X 

an average ^ ■ 18. In both oases the steady flow Jets appeared 
to mix slightly sooner than the pulsating Jot, but tho accuracy 
of tho data does not Justify drawing a firm conclusion to that 
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5. It is reooEWsnded that further investications of 
this nature be saado to cheek the effects of variation in pulse 
frequency, of pulsation forn, of velocity ratio, ^ , and of 
Reynolds nunber, upon the nature of the nixing region of a pul- 
sating Jet. 

It is believed that the use of high speed photography 
coupled with Schlieren and/or shadowgraph flow visualisation 
teohniques night prove a profitable avenue of investigation. 
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APPENDIX 



LIST OP SYKBM5 



Letters t 

D liozzle diameter« inches 

L Axial distance fron nozzle exit, in diameters, of end of 
potential ooro 

p Pressure, psia or in. H2O 

q Dynamic pressure, psi or in. Ug® 

r lUidius, inches 

Radius, inches, where velocity is arithnotic nverage of 
secondary and centerline values at any x. 

u Axial flow velocity at any point 

X Axial distance from nozzle exit, inches 

y Lateral distance fron nozzle centerline, inches 

Subscripts t 
j Jet 

o Total as in p^; naxinun as in qo or Uq* 
p Primary flow 

s Static aa in p^; secondary flow as in q^ or Ug. 

Greek Letters > 

A Differential value 

^ Absolute Viscosity 

Density, ^ 

Pjitio of secondary' velocity to centerline velocity at 
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1. Air Ploir Keaeureiaent and Calculation 



The orifioea in the aysteai have been installed in ac> 



cordance with A.S.V.«E* Code. The equation used to find tho eass 
flow wast 



W * Vase flow in lb per sec. 

^2 ” Throat area in square in. 

K ■ Plow coefficient 

E ~ Area nultiplier for theroal expansion of the 
orifice plate. 

Y • Empirical expansion factor 
^ * Upstream density of flowing air 
Af = Pressure drop across the orifice plate in psi 



For a typical example of the determination of the mass 
flow with an orifice plate, see Eianple 2, page 7, ref. (9). 

Calculation of Heynolds Number 

2. The Koynolds number was calculated from the following aquation: 



3. The natural frequency of the tube with one end closed is com- 
puted from t}:e following equation: 




where 
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TABLE I 

PULSATIHG FLOW 

CYCLE OF DYMAlilC raiSSURE, q, IH INCHES OF WATER 






p , Dietanoe fron Nossle Center, inches 



Degrees 0 


0.1 


0.2 


0.3 


0.4 


0.5 1.0 to 2.5 


10 


15.70 


15.15 


14.85 


14.10 


11.85 


9.70 


3.55 


20 


15.80 


15.30 


15.00 


14.10 


11.95 


9.75 


3,40 


30 


15.60 


15.10 


14.80 


13.95 


11.90 


9.65 


3.60 


40 


15.35 


14.85 


14.60 


13.60 


11.40 


8.35 


3.40 


60 


14.95 


14.40 


14.25 


13.30 


11.25 


9.10 


3.75 


60 


14.50 


13.95 


13.80 


12.80 


10.80 


8.65 


3.60 


70 


14.20 


13.65 


13.40 


13.00 


10.55 


8.50 


3.65 


80 


13.80 


13.25 


13.05 


12.20 


10.30 


8.30 


3.76 


90 


13.50 


13.00 


12.75 


11.90 


10.00 


8.20 


3.55 


100 


12.85 


12.30 


12.15 


11.30 


9.40 


7.70 


3.50 


110 


12.60 


11.90 


11.75 


11.00 


9.20 


7.65 


3.40 


120 


12.05 


11.55 


11.30 


10.50 


8.60 


7.00 


3.30 


130 


11.40 


10.85 


10.70 


9.85 


8.10 


6.50 


3.25 


140 


10.90 


10.40 


10.25 


9.54 


7.70 


6.05 


3.15 


150 


10.55 


10.05 


9.85 


9.15 


7.40 


5.90 


3.15 


160 


10.16 


9.62 


9.49 


8.75 


7.21 


5.72 


2.90 


170 


9.95 


9.40 


9.30 


8.60 


6.90 


5.40 


3.05 


180 


10.13 


9.62 


9.40 


8.75 


7.16 


5.70 


3.00 


190 


10.45 


9.80 


9.65 


8.80 


7.20 


5.70 


2.70 


200 


10,60 


9.90 


9.85 


9.00 


7.40 


5.90 


2.85 


210 


10,70 


10,00 


10.00 


9.10 


7.45 


6.00 


2.85 


220 


11.30 


11.00 


10.40 


9.55 


7.95 


6.45 


2.90 


230 


11.80 


11.10 


10.95 


io;io 


8.40 


6.80 


3.50 


240 


12.30 


11.45 


11.40 


10.40 


0.70 


7.10 


3.80 


260 


12.60 


11.85 


11.75 


10.75 


9.00 


7.40 


3.85 


260 


13.05 


12.20 


12.10 


11.10 


9.40 


7.60 


3.80 


270 


13.40 


12.50 


12.40 


11.46 


9.70 


8.CC 


3,75 


280 


13.90 


13.00 


12.85 


11.85 


10.00 


8.20 


3.70 


290 


14.10 


13.20 


13.10 


12.10 


10.10 


8.40 


3.60 


300 


14.50 


13.65 


13.40 


12.20 


10.30 


8.45 


3.55 


310 


14.90 


14.00 


13.90 


12.80 


10.80 


8.70 


3.70 


520 


15.10 


14.45 


14.30 


13.20 


10.90 


9.03 


3.60 


330 


15.30 


14.40 


14.40 


13.25 


11.10 


9.10 


3.45 


340 


15.35 


14.55 


14.45 


13.40 


11.40 


9.40 


3.55 


350 


15.50 


14.60 


14.60 


13.55 


11.45 


9.50 


3,7 


360 


17.00 


14.95 


14.95 


13.80 


11.70 


9.65 
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TABLE II 
PDLSATI8G FLOW 

CYCLE OP DYKAWIC FRESSUSE, q, IN INCHES OF WATER 

t • 5 

Distance from Nozzle Center, Inches 



Degrees 0.0 


0.2 


0.3 


10 


15.20 


14.50 


13.25 


20 


15.45 


14.75 


13.40 


50 


15.40 


14.70 


13.25 


40 


15.05 


14.35 


12.95 


50 


14.70 


14.00 


12.55 


60 


14.30 


13.60 


12.30 


70 


14.00 


13.70 


11.90 


80 


13.45 


12.75 


11.50 


90 


13.10 


12.40 


10.90 


100 


12.70 


12.00 


10.75 


110 


12.30 


11.60 


10.15 


120 


11, 85 


11.15 


10.00 


130 


11.15 


10.50 


9.55 


140 


10.80 


10.00 


9;25 


150 


10.35 


9.70 


8.70 


160 


10.00 


9.30 


8.55 


170 


9,70 


9.10 


8.20 


180 


10,00 


9,20 


8.40 


190 


10.15 


9.45 


8.35 


200 


10,20 


9.50 


8.30 


210 


10.35 


9.65 


8.45 


220 


10.60 


9.90 


8 . 65 


230 


11.05 


10.35' 


9.10 


240 


11.65 


10.95 


9.55 


250 


11.80 


11.10 


9.90 


260 


12.35 


11.65 


10.30 


270 


12.70 


‘12.00 


10.65 


280 


12.90 


12.20 


10.80 


290 


13.40 


12.60 


11.35 


500 


15.80 


13.10 


11.50 


310 


14.10 


13.40 


11.90 


320 


14.30 


13.60 


12.00 


330 


14.50 


13.80 


12.55 


340 


14.80 


14.10 


12.70 


350 


14.90 


14.20 


12.80 


360 


15.10 


14.40 


12.90 



0.4 


0.5 


0.6 


0«7 2eS 


10.75 


7.10 


4.00 


3.45 


10.90 


7.05 


4.05 


3.50 


10.80 


7.05 


4.00 


3.50 


10.50 


6.90 


3.90 


3.50 


10.25 


6.65 


3.85 


3.50 


9.85 


6.45 


3.85 


3.50 


9.60 


6.30 


3.85 


3.50 


9.45 


6.20 


3.85 


3.50 


9.20 


6.05 


3.80 


3.50 


8.65 


5.80 


3.60 


3.40 


6.45 


5.55 


3.50 


3.25 


8.05 


5.35 


3.40 


3.25 


7.80 


5.10 


3.25 


3.05 


7.60 


5.00 


3.25 


3.10 


7.25 


4.80 


3.05 


2.95 


7.15 


4.70 


3.00 


2.95 


6.85 


4.60 


3.15 


3.00 


7.10 


4.70 


3.50 


3.40 


6.95 


4.65 


3.45 


3.30 


6.85 


4.55 


3.50 


3.20 


6.90 


4.55 


3.55 


3.10 


7.15 


4.80 


3.50 


3.25 


7.60 


5.00 


3.50 


3.40 


8.00 


5.30 


3.50 


3.30 


6.15 


5.45 


3.65 


3.45 


8.55 


5.65 


3.70 


3.50 


8.75 


5.85 


3.75 


3.50 


9.05 


5.93 


3.80 


3.45 


9.35 


6.15 


3.80 


3.50 


9.40 


6.25 


3.85 


3.45 


9.80 


6.40 


3.85 


3.50 


10.05 


6.40 


5.80 


3.45 


10.25 


6.60 


3.85 


3.50 


10.35 


6.55 


3.80 


3.50 


10.60 


6.75 


3.85 


3.50 


10.65 


6180 


3.85 


3.45 
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TABLE III 
PULSATIHG PLCW 

CYCLE OF DYHAMC PRESSURE, q, IM IHCHES (F WATER 




Distance fron Nozsle Center, inches 



0.0 


0.1 


0.2 


0.3 


0.4 


0.5 


0« 0 3 « S 


14.10 


13.60 


12.60 


9.95 


7.50 


5.00 


3.45 


14.25 


13.85 


12.70 


10.00 


7.50 


5.05 


3.50 


14.20 


13.75 


12.65 


9.95 


7.50 


5.20 


3.60 


13,90 


13.35 


12.30 


9.70 


7.25 


4.95 


3.45 


13.60 


13.10 


12.05 


9.60 


7.10 


4.95 


3.55 


13.20 


12.65 


11.60 


9.10 


6.70 


4.80 


3.55 


13.00 


12.35 


- 11.40 


-9;oo 


6.65 


4.75 


3.60 


12.60 


12.15 


11.20 


8.85 


6.65 


4.80 


3.70 


12.30 


11.80 


10.90 


8.60 


6.50 


4.70 


3.55 


11.70 


11.30 


10.30 


8.15 


6.15 


4.40 


3.33 


11.35 


11.00 


10.10 


8.05 


6.25 


4.25 


3.26 


11.00 


10.60 


10.55 


7.60 


5.66 


4.10 


3.20 


10.35 


10,00 


9.10 


7.05 


5.20 


4.02 


3.10 


10.00 


9.65 


8.00 


6.70 


5.00 


3.90 


3.10 


9.70 


9.30 


8.55 


6.55 


4.80 


3.69 


y.oo 


9.32 


8.95 


8.21 


6.45 


4.70 


3.40 


3.00 


9.00 


0.60 


7.90 


6.10 


4.45 


3.28 


2.95 


9.25 


8.95 


8.30 


6.50 


5.10 


3.50 


3.00 


9.10 


8.70 


7.90 


6.10 


4.61 


3.50 


3.00 


9.25 


8.85 


8.00 


6.30 


4.80 


3.59 


3.00 


9.40 


8.96 


8.10 


6.30 


4.80 


3.42 


2.79 


9.94 


9.51 


8.62 


6.85 


5.25 


3.80 


3.06 


10.35 


10.00 


9.05 


7.20 


5.40 


4.10 


3.31 


10.70 


10.25 


9.30 


7.40 


5.60 


4.20 


3.30 


11.15 


10.75 


9.75 


7.70 


5.85 


4.20 


3.49 


11.45 


11.05 


10.05 


8.05 


6.20 


4.50 


3.50 


11.90 


11.40 


10.30 


8.25 


6.35 


4.70 


3.61 


12.30 


11.75 


10.65 


8.50 


6.50 


4.80 


3.50 


12.45 


11.90 


10.80 


8.60 


6.45 


4.75 


3.51 


12.80 


12.25 


11.10 


8.70 


6.60 


4.85 


3.50 


13.25 


12.75 


11.50 


9.10 


6.75 


4.90 


3.56 


13.40 


12.95 


11.75 


9.25 


6.96 


5.05 


3.60 


13.65 


13.05 


12.00 


9.40 


7.00 


5.00 


3.55 


13.85 


13.15 


12.20 


9.70 


7.25 


5.10 


3.60 


13.90 


13.25 


12.30 


9.80 


7.45 


5.20 


3.60 


13.90 


13.35 


12.35 


9.80 


7.50 


5.10 


3.48 
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TABLE IV 
PULSATING PLOff 

CYCLE OF DYMAUIC PRESSURE, q. 111 INCHES CF WATER 




Distance from Nozzle Center, inches 



Docreos 


0.0 


0.1 


0.2 


0.5 


0.7 


0.9 to 2.5 


10 


10.95 


10.60 


9.25 


5.10 


3.80 


3.55 


20 


11.25 


10.75 


9.45 


5.25 


3.85 


3.55 


SO 


11.00 


10.65 


9.40 


6.35 


4.00 


3.70 


40 


10.80 


10.55 


9.10 


5.10 


3.80 


3.45 


60 


10.55 


10.25 


9.00 


5.10 


3.90 


3.45 


60 


10.20 


10.00 


8.65 


4.95 


3.80 


3 . 60 


70 


10.00 


9.70 


0.35 


4.85 


3.70 


3.65 


80 


9.70 


9.50 


8.25 


4.85 


3.85 


3.55 


90 


9.55 


9.26 


7.90 


4.60 


3.75 


3.45 


100 


9.10 


8.85 


7.65 


4.65 


3.55 


3.25 


. 110 


8.90 


8.60 


7.35 


4.35 


3.40 


3.20 


120 


8.50 


8.25 


7.15 


4.20 


3.30 


3.20 


130 


8.05 


7.80 


6.70 


3.80 


3.25 


3.05 


140 


7.75 


7.50 


6.05 


3.70 


3.10 


3.05 


150 


7.50 


7.25 


6.30 


3.65 


3.15 


3.05 


160 


7.20 


7.00 


6.90 


3.55 


3.15 


3.00 


170 


7.05 


6.80 


5.80 


3.40 


3.35 


3.05 


180 


7.30 


7.05 


6.00 


3.72 


3.35 


2.95 


190 


6.55 


6.35 


5. 35 


o . 60 


3.30 


3.05 


200 


7.15 


6.95 


5.95 


3.75 


3.20 


2.95 


210 


7.25 


7.05 


6.05 


3.80 


3.25 


3.05 


220 


7.55 


7.30 


6.35 


3.90 


' 3.35 


3.25 


230 


8.05 


7.80 


6.75 


4.10 


3.45 


3.35 


240 


8.30 


8.05 


7.00 


4.25 


3.60 


3.40 


250 


8.55 


8.35 


7.25 


4.50 


3.75 


3.45 


260 


8.85 


8.65 


7.45 


4.50 


3.65 


3.55 


270 


9.10 


8.95 


7.80 


4.70 


3.80 


3.65 


280 


9.35 


9.20 


7.95 


4.80 


3.95 


3.60 


290 


9.50 


9.35 


8.05 


4.85 


3.85 


3.45 


300 


9.90 


9.60 


8.30 


4.85 


4.00 


3.55 


310 


10.26 


9.85 


8.50 


4.95 


4.10 


4.70 


320 


10.40 


10.30 


8.90 


5.10 


4.15 


4.45 


330 


10.55 


10.30 


8.95 


5.25 


4.10 


3.50 


340 


10.65 


10.45 


9.10 


5.30 


4.15 


3.65 


350 


10.85 


10.50 


9.20 


5.30 


4.15 


3.55 


360 


10.90 


10.65 


9.30 


5.25 


4.20 


3.65 
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TABLE Y 
PULSATIMG FLOW 

CYCLE OF DYNAMIC FRESSUEE, q, IK INCHES OF WATER 

X 

n • 12 









Distance 


from 


Nozzle 


Center 


Inches 




agrees 


0.0 


0.1 


0.2 


0.3 


0,5 


0.7 


0.9 


1.1 to 2.5 


10 


8.20 


8.05 


7.95 


6.95 


5.80 


4.65 


4.05 


3.60 


20 


8.20 


8.10 


7.90 


6.95 


5.80 


4.65 


4.00 


3.60 


30 


8.30 


8.15 


7.90 


7.00 


5.95 


4.65 


4.05 


3.65 


40 


8.11 


7.95 


7.70 


6.85 


5.75 


4.50 


4.00 


3.60 


50 


7.85 


7.70 


7.70 


6.65 


5.65 


4.50 


3.90 


3.60 


60 


7.90 


7.80 


7.50 


6.60 


5.60 


4.55 


4.05 


3.70 


70 


7.60 


7.40 


7.20 


6.35 


5.55 


4.35 


3.95 


3.60 


80 


7.60 


7.35 


7.50 


6.15 


5.55 


5.00 


4.00 


3.65 


90 


7.20 


7.00 


6.72 


6.09 


5.22 


4.30 


3.90 


3.50 


100 


7.00 


6.80 


6.55 


5.80 


5.15 


4.06 


3.68 


3.40 


110 


6.75 


6.50 


6.40 


5.65 


4.90 


4.05 


3.60 


3.30 


120 


6.50 


6.30 


6.10 


5.50 


-.4.75 


3.90 


3.53 


3 .oO 


130 


6.35 


6.10 


5.90 


5.35 


4.60 


3.75 


3.50 


3.20 


140 


6.10 


5.85 


5.85 


5.12 


4.41 


3.70 


3.44 


3.20 


150 


5.90 


5.75 


5.40 


5.00 


4.32^ 


3.52 


3.30 


3.00 


160 


5.66 


5.00 


5.15 


4.85 


4.25 


3.50 


3.25 


3.00 


170 


5.31 


5.10 


4.75 


4.51 


3.96 


3.40 


3.10 


2.90 


180 


5.60 


5.40 


5.07 


4.75 


4.20 


3.50 


3.25 


3.00 


190 


5.40 


5.20 


4.90 


4.60 


4.10 


4.10 


3.20 


2.95 


200 


5.50 


5.25 


5.00 


4.69 


4.20 


3.53 


3.25 


2.90 


210 


5.50 


5.25 


5.15 


4.80 


4.30 


3.40 


3.23 


3.00 


220 


5.80 


5.68 


5.35 


5.00 


4.40 


S.71 


3.30 


3.10 


230 


6.10 


5.90 


5.70 


5.15 


4.55 


3.85 


3.50 


3.20 


240 


6.27 


6.02 


5.88 


5.25 


4.60 


3.90 


3.59 


3.30 


250 


6.70 


6.40 


• 6.20 


5.60 


4.90 


4.11 


3.70 


3.45 


260 


6.85 


6.65 


6.35 


5.75 


5.10 


4.20 


3.80 


3 . 5o 


270 


7.00 


6.85 


6.65 


5.95 


5.20 


4.30 


3.90 


3.60 


280 


7.15 


6.95 


6.75 


6.00 


5.35 


4.40 


3.90 


3.60 


290 


7.30 


7.10 


6.95 


6.15 


5.40 


4.45 


3.91 


3.60 


300 


7.50 


7.30 


7.05 


6.30 


5.45 


4.40 


3.90 


3.50 


310 


7.75 


7.50 


7.30 


6.40 


5.60 


4.40 


3.85 


3.50 


320 


7.73 


7.60 


7.34 


6.50 


5.55 


4.40 


3.90 


3.50 


330 


8.00 


7.65 


7.50 


6.70 


5.70 


4.35 


3.95 


3.65 


340 


8.15 


7.95 


7.70 


6.70 


5.70 


4.50 


3.95 


3.60 


350 


6.13 


7.95 


7.70 


6.80 


5.85 


4.60 


4.00 


3.55 


360 


8.25 


6.05 


7.90 


6.90 


6.95 


4.55 


4.02 


3.60 
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TABLE VI 
PULSATIKG FLaf 

CYCLE OF PYMAk’IC PRESSUKE, q, IK IlICHSS CP WATER 

X 

D - 21 

Distance fron fiossle Center, inches 



Degrees 


0.0 


0.8 


1.2 


1.5 


XeS 2*5 


10 


5.02 


4.50 


4.00 


3.80 


3.60 


20 


5.18 


4.65 


4.15 


3.95 


3.65 


30 


5.23 


4.70 


4.20 


4.00 


3.70 


40 


5.02 


4.65 


4.15 


3.95 


3.50 


50 


4.95 


4.50 


4.10 


3.90 


3.50 


60 


5.00 


4.50 


4.10 


3.90 


3.70 


70 


4.85 


4.40 


4.00 


3.80 


3.65 


80 


4.00 


4.25 


3.85 


3.75 


3.75 


90 


4.70 


4.15 


3 . So 


3.75 


3.65 


100 


4.47 


4.05 


3.75 


3.75 


' 3.45 


110 


4.30 


3.96 


3.66 


3.55 


3.50 


120 


4.25 


3.85 


3 . 5o 


3.45 


3.40 


130 


4.20 


3.85 


3.53 


3.45 


3.35 


140 


4.15 


3.75 


3.45 


3.35 


3.30 


160 


4.1 


3.75 


3.46 


3.35 


3.30 


160 


4.0 


3.60 


3.40 


3.30 


3.20 


170 


3.95 


3.60 


3.30 


3.10 


3.10 


180 


4.05 


3.50 


3.40 


3.30 


3.30 


190 


3.95 


3.40 


3.30 


3.20 


3.20 


200 


3.85 


3.60 


3.40 


3.30 


3.10 


210 


4.05 


3.40 


3.30 


3.20 


3.20 


220 


4.15 


3.40 


3.40 


3.30 


3.50 


230 


4.2 


3.50 


3.30 


3.20 


3.20 


240 


4.05 


3.75 


3.50 


3.40 


3.40 


260 


4.20 


3.75 


3 . oO 


3.50 


3.50 


260 


4.40 


3.75 


3.75 


3.65 


3.55 


270 


4.65 


4.00 


3.75 


3.65 


o .65 


280 


4. 65 


4.10 


3.80 


3.70 


3.50 


290 


4.75 


4.30 


4.00 


3.80 


3.65 


300 


4.80 


4.40 


4.00 


3.80 


3.50 


310 


4.95 


4.55 


4.05 


3.85 


3.70 


320 


4.90 


4.50 


4.10 


3.90 


3.50 


330 


4.95 


4.45 


4.05 


3.85 


3.65 


340 


5.08 


4.55 


4.15 


3.95 


3.55 


360 


5.18 


4.70 


4.20 


-4;oo 


3.70 


360 


5.18 


4.70 


4.20 


4.00 


3.50 
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TABLE VII 



PULSATISC FLCir 



CYCLE OF DYNAlilC PRESSURE, q, IH IKCHiS OF WATER 

F • 24^ 

Liatance from Rozsle Center, inches 

0.0 



>grees 0,2 


0.4 


0.8 


1.0 


1.4 


1.6 to 


10 


4.75 


4.50 


4.30 


3.95 


3.70 


3.65 


20 


4.76 


4.60 


4.20 


4.05 


3.75 


5.66 


30 


4.70 


4.50 


4.20 


3.95 


3.75 


3.55 


40 


4.60 


4.35 


4.00 


3.85 


3.70 


3.45 


50 


4.70 


4.50 


4.10 


4.05 


3.85 


3.60 


60 


4.80 


4.60 


4.20 


4.05 


5.90 


3.76 


70 


4.80 


4.60 


4.20 


4.20 


4.00 


3.75 


80 


4.75 


4.55 


4.20 


4.10 


3.90 


3.75 


90 


4.50 


4.25 


4.05 


4.05 


3.85 


3.65 


100 


4.35 


^.20 


3.85 


3.85 


3.65 


3.45 


110 


4.25 


4.20 


3.90 


3.90 


5.75 


3.55 


120 


4.15 


4.15 


3.76 


3.75 


3.55 


3.35 


130 


4.15 


4.10 


3.75 


3.65 


3.55 


3.40 


140 


4.10 


4.05 


3.70 


3.65 


3.45 


3.25 


150 


4.00 


4.00 


3.65 


3.65 


3.45 


3.25 


160 


3.9 


3.95 


3.45 


3.65 


5.40 


3.25 


170 


3.90 


3.85 


3.55 


3.50 


5.20 


3.20 


180 


4.00 


3.90 


3.40 


3.50 


3.40 


3.15 


190 


3.90 


3.85 


3.30 


3.50 


3.40 


5.15 


200 


3.80 


3.70 


3.30 


3.50 


3.40 


3.15 


210 


4.00 


3.80 


3.55 


3.50 


3.50 


3.15 


220 


4.10 


3.95 


3.75 


3.70 


3.60 


3.25 


230 


4.15 


3.85 


5.55 


3.55 


3.45 


3.20 


240 


4.0 


3.95 


3.65 


3.65 


3.55 


3.25 


250 


4.15 


4.20 


3.85 


3.80 


3.65 


3.40 


260 


4.30 


4.20 


3.95 


3.90 


3.75 


3.50 


270 


4.50 


4.25 


3.95 


3.90 


3.75 


3.50 


280 


4.40 


4.20 


3.85 


3.80 


3.70 


3.45 


290 


4.55 


4.25 


4.00 


3.96 


3.80 


3.55 


300 


4.05 


3.86 


4.05 


4.00 


3.90 


3.60 


310 


4.60 


4.35 


4.20 


4.05 


3.90 


3.65 


320 


4.65 


4.40 


4.05 


4.00 


5.95 


3.60 


330 


4.50 


4.25 


4.10 


4.00 


3.80 


3.60 


340 


4.65 


4.40 


4.05 


4.00 


3.80 


3.60 


350 


4.70 


4.50 


4.20 


4.05 


3.85 


3.75 


360 


4.75 


4.55 


4.25 


4.15 


3.75 


3.75 
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TABLE VIII 
PDLSATIEG FLOPf 

CYCLE OF DYHAMIC PRESSURE , q. III INCHES OF WATBH • 



Distance fron L'ozsle Center, incheo 



Decree 


0.2 

0.4 


0.9 


1.5 


1.7 to 2.5 


10 


4.25 


3.85 


3.80 


3.70 


20 


4.40 


4.00 


3.85 


3.75 


30 


4.25 


3.85 


3.75 


3.60 


40 


4.15 


3.75 


3.65 


3.55 


50 


4.25 


3.85 


3.75 


3.70 


60 


4.40 


4.00 


3.90 


3.80 


70 


4.40 


4.00 


3.90 


3.85 


80 


4.30 


4.00 


3.90 


3.80 


90 


4.05 


3.75 


3.65 


3.75 


100 


3.95 


3.75 


3.65 


3.55 


110 


3.95 


3.75 


3.65 


3.50 


120 


3.85 


3.75 


3.65 


3.40 


130 


3.85 


3.70 


3.60 


3.40 


140 


3.75 


3.65 


3.55 


3.30 


150 


3.70 


3.65 


3.55 


3.30 


160 


3.70 


3.60 


3.50 


3.30 


170 


3.70 


3.60 


3.50 


3.20 


180 


3.60 


3.50 


3.40 


3.20 


190 


3.50 


3.40 


3.30 


3.20 


200 


3.35 


3.25 


3.15 


3.20 


210 


3.55 


3.45 


3.35 


3.20 


220 


3.75 


3.65 


3.55 


3.40 


230 


3.70 


3.60 


3.50 


3.25 


240 


3.75 


3.60 


3.50 


3.30 


250 


3.95 


3.75 


3.65 


3.50 


260 


4.00 


3.80 


3.70 


3.60 


270 


4.05 


3.85 


3.75 


3.60 


280 


4.00 


3.80 


3.70 


3.50 


290 


4.05 


3.85 


3.75 


3.60 


300 


3.60 


3.40 


3.30 


3.70 


310 


4.20 


3.90 


3.80 


3.75 


320 


4.20 


3.90 


3.80 


3.70 


330 


4.10 


3.80 


3.70 


3.70 


340 


4.20 


3.80 


3.70 


3.70 


350 


4.30 


3.90 


3.80 


3.75 


360 


4.30 


3.90 


3.80 


3.75 
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TABLE IX 
PULSATING FLOW 



CYCLE OF DYHAinC HlIiSSURE, q, IK INCHES OF KATEK 



1- SO 

Distance fron liozslo Center, inches 




0.0 








Degree 


0.2 


0.7 


1.3 


1.8 to 2.5 




0.4 








10 


4.25 


4.05 


3.85 


3.70 


20 


4.20 


4.00 


3.80 


3.75 


SO 


4.20 


4.00 


3.80 


3.60 


40 


4.00 


3.80 


3.70 


3.55 


60 


4.05 


3.85 


3.75 


3.70 


60 


4.15 


5.95 


3.85 


3.80 


70 


4.20 


4.00 


3.90 


3.85 


80 


4.20 


4.00 


3.90 


3.80 


90 


4.05 


3.85 


3.75 


3.75 


100 


3.85 


3.75 


3.65 


3.55 


110 


3.90 


3.80 


3.70 


3.55 


120 


3.75 


3.65 


3.55 


3.40 


ISO 


3.75 


3.65 


3.55 


3.40 


140 


3.70 


3.60 


3.50 


3.30 


150 


3.60 


3.60 


3.50 


3.30 


160 


3.50 


3.50 


3.45 


3.30 


170 


3.55 


3.50 


3.40 


3.20 


180 


3.40 


3.35 


3.30 


3.20 


190 


3.30 


3.25 


3.20 


3.20 


200 


3.30 


3.25 


3.20 


3.20 


210 


3.55 


3.45 


3.35 


3.20 


220 


3.75 


3.65 


3.55 


3.40 


2S0 


3.55 


3.45 


3.35 


3.25 


240 


3.60 


3.50 


3.40 


3.30 


250 


3.85 


3.70 


3.60 


3.50 


260 


3.95 


3.85 


3.75 


3.60 


270 


3.95 


3.85 


3.75 


3.60 


200 


3.85 


3.75 


3.70 


3.50 


290 


4.00 


3.90 


3.30 


3.60 


300 


4.05 


3.95 


3.75 


3.70 


310 


4.15 


3.95 


3.75 


3.75 


320 


4.05 


3.90 


3.70 


3.70 


330 


4.10 


3.90 


3.75 


3.70 


340 


4.05 


3.95 


3.75 


3.70 


350 


4.20 


4.00 


3.80 


3.75 


360 


4.25 


4.05 


3.80 


3.75 
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TABI£ X 
PULSATING PLOir 

CYCLL OF DYNAMIC PRESSUK5, q, IS INCHES OF HATKt 



X 

u 



- 39 



Degree 




10 


3.70 


20 


3.75 


30 


3.60 


40 


3.55 


50 


3.70 


60 


3.80 


TO 


3.85 


80 


3.80 


90 


3.75 


100 


3.55 


110 


3.60 


120 


3.50 


130 


3.40 


140 


3.30 


150 


3.30 


160 


3.30 


170 


3.20 


180 


3.20 


190 


3.20 


200 


3.20 


210 


3.20 


220 


3.40 


230 


3.25 


240 


3.30 


250 


3.50 


260 


3.60 


270 


3.60 


280 


3.50 


290 


3.60 


300 


3.70 


510 


3.75 


320 


3.70 


330 


3.70 


340 


3.70 


350 


3.75 


360 


3.75 
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TABLE XI 

MAXlMiai LYUAMIC PHESSUEE PROFILE 
q, IKCHES or WATER 



Pulsating Jet 



JL 

D 


IF ® 


5 


5 


9 


12 


21 


24.5 


27.5 


30 


39 


0 


15.8 


15.45 


14.25 


11.25 


8.3 


5.2 


4.75 


4.4 


4.2 


3.75 


.1 


15.5 




13.85 


10.75 


8.1 




4.75 


4.4 




3.75 


.2 


15. 


14.75 


12.7 


9.25 


7.9 






4.4 


4.2 


3.75 


.5 


14.1 


13.40 


10.0 




6.95 










3.75 


.4 


11.95 


10.9 


7.5 








4.6 


4.4 


4.2 


3.75 


.5 


9.75 


7.05 


5.05 


5.25 


5.8 










3.75 


.6 




4.05 


3.60 














3.75 


.7 




3.5 




3.85 


4.65 








4.0 


3.76 


.8 




5.5 


3.5 






4.65 


4.2 






3.75 


.9 




5.5 


3.5 


3.55 


4.0 






4.0 




3.75 


1.0 


5.4 


3.5 


3.5 


3.55 


3.75 




4.05 






3.75 


1.1 


3.4 


3.5 


3.5 


3.55 


3.6 










3.75 


1.2 


3.4 


3.5 


5.5 


3.55 


3.6 


4.15 








3.75 


1.5 


3.4 


3.5 


3.5 


3.55 


3.6 


3.95 




* 


3.8 


3.75 


1.4 


3.4 


3.5 


3.5 


3.55 


5.6 




3.75 






3.75 


1.5 


5.4 


3.5 


3.5 


3.55 


3.6 


5.65 




3.8 




3.75 


1.6 


3.4 


5.5 


3.5 


3.55 


3 .6 


3. 65 


3.65 






3.75 


1.7 


3.4 


3.5 


3.5 


3.55 


3.6 


3.65 




3.75 




3.75 


1.6 


3.4 


3.5 


3.5 


5.55 


3.6 


3.65 


3.65 


3.75 


3.75 


3.75 


2.5 


3.4 


3.5 


5.5 


3.55 


3.6 


3.65 


3.65 


3.75 


3.75 


3.75 
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tabu: XII 

MINIMUM DYKAHIC PKE2SUR3 PROPILB 
q, I»ICm:S OF WATER 

Pulaatinc Jet 



D 


o 

II 


3 


5 


9 


12 


21 


24.5 


27.5 


30 


0 


9.95 


9.70 


9.0 


7.05 


5.31 


3.95 


3.90 


3.7 


3.55 


0.1 


9.4 




8.6 


6.8 


5.1 










0.2 


9.3 


9.10 


7.9 


5.8 


4.75 






3.7 




0.3 


8.6 


8.20 


6.1 




4.51 










0.4 


6.9 


6.35 


4.45 




3 . 96 




3.85 


5.7 




0.5 


5.4 


4.6 


3.23 


3.4 












0.6 




3.15 
















0.7 




3.00 




3.15 


3.4 








3.5 


0.8 




3.00 


2.95 






3.6 


3.55 






019 




3.00 


2.95 


3.05 


3.1 






3.6 




1.0 


3.05 


3.00 


2.95 


3.05 






3.50 






1.1 


3.05 


3.00 


2.95 


3.05 


2.9 










1.2 


3.05 


3.00 


2.95 


3.05 


2.9 


3.3 








1.3 


3.05 


3.00 


2.95 


3.05 


2.9 


3.1 






3.4 


1.4 


3 .05 


3.00 


2.95 


3.05 


2.9 


3.1 


3.2 


3.5 




1.5 


3.05 


3,00 


2.95 


3.05 


2.9 


3.1 


3.2 






1.6 


3.05 


3.00 


2.95 


3.05 


2.9 


3.1 


3.2 






1.7 


3.05 


3.00 


8.95 


3.05 


2.9 


5.1 


3.2 


3.2 




1.8 


3.05 


3.00 


£.95 


3.05 


2.9 


3.1 


0.2 


3.2 


3.2 


2.5 


3.05 


3.00 


2.95 


3.05 


2.9 


3.1 


3.2 


3.2 


3.2 






^•:X» • ,jtm. itSwUifa i«a 



t* /Ti4*lL*«T- 





1. >4 




£« 


ti 


) 


♦ 


• 

-> 


'' ' i 


1 




?. . 


» . 


1«. t 


t&.5 




c^* 


n.- 


»».v 


u 










i >c 


ft 

% 


f .- 




-.1; 


£.0 




r.^ 








.S -. 




01 .r 


4 .rf 


l.C 










X.!. 




! 


'aT.« 


t.i 


t.o 






ft;. 3 




M.' 




nit /= 


»l.6 


\ .1 


♦ .0 












1.5 


n&.: 


5. 


j .a 


1.0 
















;i. 4 




>.c 










4.. 


>U.l 




• V • 




f .0 






, 


‘.f 








• 




l.'T 










i , 


• 


r,u.» 


; 




«40 














*. .r 




J0.; 


c.; 














• j , - 


. 


c^-.l 


X..* 










*.‘ 


f • ^ f» 


"•<t . : 


. 


?l»,4 


c.t 








t.? 


t 


'r ^ 


'■•' • 


V^.* 


iV.. 


SjX 




* • 


♦ 

• • -> 


1.: 


j.' 


.< . » 


A .i. 


'O- 


ca.<^ 


ft.r 








I.* 


«> . 




•?,? 


tX. 




i.. 






4.< 




^... 


*0,4 


h* .1 


00, t 


9c. l 


4.x 




x.v 


l.« 


i.< 


* • « 


M < 


•if* . , 


or 


JC.% 


r.i 




1.^* 


■ . 


4.^ 




. • *» 


. • • 


Sj 


40.0 


f'.i 


i.f 


i.t 


« 


i. 


^ . 4 


•^J. 






iO.? 


4.» 



«l*» 



55 



TABLF. XIII 

IKTHIJHLUIATE LYUAillC PRESSirRE FEOFILS 
q, IliCHES OF WATER 
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TABLE XIV 

DY1L4MIC PBESSURE PROFILE 
Steady Flow - Internediato Value 
q, inches of water 
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TABIS XV 



Lines of Constant 
Uaximus Value, Pulsating Flow 
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TABLE XVI 



Lino* of Con*tant 
Ifininua V«lue, Pulsating; Flow 
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TABLE XVII 



Lines of Constant ■ 

Interoediate 'value. Pulsating Ploir 
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Lines of Constant 
Intornodiato Value, Stoody Ploir 
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TABLE XX 

CEKTERLINE VALUES OF VELOCITY 



(a) Steady Flow^ intermediate Yaluo 
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TADLL XXII 

H0I‘JWU2EC VELOCITY mCffILES 
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